Abstract.Digital holographic microscopy (DHM) is a promising tool for a three-dimensional imaging of microscopic particles. It offers the possibility of wavefront processing by manipulating amplitude and phase of the recorded digital holograms. With a view to compensate for aberration in the reconstructed particle images, this paper discusses a new approach of aberration compensation based on complex amplitude correlation and the use of a priori information. The approach is applied to holograms of microscopic particles flowing inside a cylindrical micro-channel recorded using an off-axis digital holographic microscope. The approach results in improvements in the image and signal qualities.
INTRODUCTION
Digital holographic microscopy is a truly three-dimensional (3D) measurement technique. It has vast application in health sciences and biomedical engineering. In many instances, it is enlightening to simulate actual blood flow using real blood flow parameters. In addition to the characteristics of the red blood cells, fluid flow behaviour inside a channel is greatly influenced by wall shear rate, wall shear stress, dynamic viscosity, wall zeta potential, wall diameter and Reynolds number [1] . Imaging through cylindrical micro-channels is preferable than that of square micro-channels but at the expense of aberrations such as astigmatism introduced by the imaging system. Aberrations consequently results in inaccurate particle image identification.
To overcome these limitations, Satake et al. [2] fabricated polymer micro-channels with a refractive index comparable to that of water, and immersed in water. Another techniques include use of corrective optics with phase conjugation [3] and ray tracing [4] to compensate for aberration in microscopic objects introduced by thick cylindrical windows. Interestingly, digital holographic microscopy (DHM) has proved to be useful in compensating aberration since it allows digital processing of the wavefronts. Colomb et al. demonstrated the application of DHM for complete and automatic aberration compensation for the 3D shape measurement of miniature objects [5] and biological sample [6] . In a different approach, Wormald and Coupland [7] used a priori information (tubing's geometry and refractive indices) to compensate for the image aberration introduced by irregular boundaries in two phase flows.
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In this paper, we consider the problem of imaging 2 µm pseudo-platelets flowing inside a cylindrical microchannel. The scattered field is recorded using an off-axis digital holographic microscope. Due tothe relatively large numerical aperture of the system, a three-dimensional holographic reconstruction using a k-space analysis (wavevector) of the optical field is adopted. We describe a digital technique for compensating astigmatism using complex amplitude correlation approach. It is shown that the astigmatism in the particle image can becompensated by application of a priori knowledge and eventually results in an improvement of the signal quality.
DIGITAL HOLOGRAPHIC MICROSCOPY

Digital Holographic Recording
The present work utilises a digital holographic microscope developed previously by Wormald and Coupland [8] . The microscope operates in transmission at a wavelength of 532 nm (green) from a diode pumped pulsed Nd:YLF laser. As in classical holography, the interference recorded on the CCD plane, I ccd (x,y) can be denoted as 
With regards to off-axis holography, the first orders are theoretically well separated from the zero order. The third term is of interest since it contains the original information of the complex object wave. To retrieve the original object, both sides of Equation (2) are convolved with
is explored in the following section and is used to reconstruct an entire 3D volume consisting of parallel multiple planes.
Digital Holographic Reconstruction
It is important to realise that the holographic set-up allows the phase and amplitude of the scattered light to be retrieved and in effect allows the resulting image to be re-focussed in softwareafterrecording [9] . Due to the relatively large numerical aperture NA=0.55 of the system, a three-dimensional holographic reconstruction using a k-space analysis (wave-vector) of the optical field is more appropriate [4] than that of two-dimensional approach usually used in Fourier optics . It is shown elsewhere [10] This equation allows the monochromatic field in any parallel plane to be calculated by measuring the complex amplitude in a single plane. rd 
Theory of Astigmatism Compensation
Compensation of astigmatism introduced by the cylindrical micro-channel makes use of a priori information. In general, cylindrical lenses focus light in one axis only. By carefully placing a similar cylindrical lens orthogonally, the focussed light can be transformed into a symmetrical beam. On this basis, the digital compensation of the astigmatism is proposed here. A wavefront aberration introduced by the cylindrical tubing in the plane of the hologram (x,y) can be modelled as a quadratic phase function, θ, such that To compensate for the astigmatism in the particle image, the complex amplitude of the object, y) , (x U obj in Equation (3) is convolved with the conjugate of the estimated phase function in Equation (5) The spectrum y) (x, U comp can then be inverse Fourier-transformed to get the compensated particle image. The proposed digital compensation of the astigmatism is experimentally tested as follows.
EXPERIMENTAL SETUP
An experiment was carried out to measure pseudo-platelets (size of 2 μm, supplied by Haemostatix Ltd.) behaviour under realistic flow parameters. For this study a closed path was formed using Tygon Lab R-3603 tubing made from a PVC-based material with plasticizer. The flow in the circuit was driven by a Watson-Marlow peristaltic pump at 110 rpm to achieve a velocity of approximately 14.4 cm/s at the centre of the tube. A short section of the tubing was embedded in an index matching fluid. Identification of particle images was confined to the defined interrogation volume as shown in Fig. 1 . In this experiment, 200 parallel planes separated by 2 μm and measuring 234 μm x 367 μm were reconstructed. FIGURE 1.Illustration of particle distribution inside a cylindrical tubing Figure 2a shows an actual example of a reasonably good reconstructed particle image. However, the cross section of the tube results in significant astigmatism (see Fig. 2b ), although this had been compensated with an index-matching fluid. Therefore, it will be necessary to investigate how astigmatism in the particle image can be compensated. 
Wavefront Aberration Compensation
The captured digital holograms were first processed according to the theory described in the previous section. Based on the priori information of the tubing's characteristics, the wavefront aberration of the quadratic phase function is first estimated and the optimized one is shown in Fig. 3 . 
